Introduction {#S0001}
============

Colorectal cancer (CRC) is the third most common cause of cancer-related mortality in the world, with different incidence rates by sex and age.[@CIT0001],[@CIT0002] Currently, the incidence and mortality of CRC in China are on the rise in both males and females, and it is becoming the fastest growing cancer in our society.[@CIT0003],[@CIT0004] CRC patients have no obvious symptoms in the early stage, and the late stage is usually accompanied by abdominal pain, fever, wasting and other systemic symptoms.[@CIT0005] Hence, the exploration of effective screening targets is helpful for the early diagnosis of CRC.

In the human genome, 98% of the genes are not translated, and only about 20,000 genes can encode proteins. These RNAs that do not encode proteins are called non-coding RNAs (ncRNAs), among which those with more than 200 nucleotides (nts) in length are called long non-coding RNAs (lncRNAs).[@CIT0006] Many lncRNAs have been proven to be involved in the regulation of CRC progression, such as DILC, TCF7 and RUNX1-IT1.[@CIT0007]--[@CIT0009] LncRNA nuclear enriched abundant transcript 1 (lnc-NEAT1) is a nuclear-restricted lncRNA found in recent years. Previous studies had suggested that lnc-NEAT1 was overexpressed in different types of solid tumors,[@CIT0010] and it could act as an oncogene in CRC.[@CIT0011],[@CIT0012] Therefore, exploring the mechanism of lnc-NEAT1 could provide more evidence for its role in CRC.

LncRNAs have a variety of biological functions, mainly act as a sponge of microRNAs (miRNAs) to participate in the regulation of miRNAs on downstream target genes.[@CIT0013],[@CIT0014] As a gene regulator, miRNAs have been proved to be involved in the regulation of cancer progression.[@CIT0015] MiR-150-5p has been shown to be widely under-expressed in cancers and might function as a tumor suppressor in CRC.[@CIT0016],[@CIT0017] Therefore, the study on miR-150-5p could perfect its mechanism in CRC.

Cleavage and polyadenylation specific factor 4 (CPSF4) is a member of the CPSF complex and related to mRNA maturation.[@CIT0018],[@CIT0019] CPSF4 function as a target gene has been shown to participate in the regulation of many cancers, including lung cancer, breast cancer and thyroid cancer.[@CIT0020]--[@CIT0022] Nevertheless, the exact role of CPSF4 in CRC progression are not well understood.

Based on the above reports, we explored the role and mechanism of lnc-NEAT1 in CRC progression. All these findings proved that lnc-NEAT1 acted as a pro-tumorigenic factor in the development of CRC, which might also provide a new perspective for the therapy of CRC.

Materials and Methods {#S0002}
=====================

Patient Tissues Collection {#S0002-S2001}
--------------------------

Tumor tissues and adjacent normal tissues of 30 CRC patients were obtained from the Central Hospital of Cangzhou. All patients not received any treatment and signed informed consent. This study was authorized by the Ethics Committee of Central Hospital of Cangzhou.

Cell Culture {#S0002-S2002}
------------

CRC cell lines (SW480 and HCT116) were obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA), and normal colorectal epithelial cells (NCM460) were purchased from the Shanghai Enzyme Research Biotechnology Co., Ltd. (Shanghai, China). These cells were cultured in RPMI-1640 medium (Gibco, Waltham, MA, USA) containing 10% fetal bovine serum (FBS; Gibco) and 1% penicillin (100 U/mL)/streptomycin (0.1 mg/mL) (Invitrogen, Carlsbad, CA, USA) at 37°C in 5% CO~2~ atmosphere.

Quantitative Real-Time PCR (qRT-PCR) {#S0002-S2003}
------------------------------------

Total RNAs were extracted using TRIzol reagent (Invitrogen). The first strand DNA synthesis was conducted using One Step miRNA cDNA Synthesis Kit (Takara, Dalian, China) for miR-150-5p and Universal RT-PCR Kit (Solarbio, Beijing, China) for genes, respectively. QRT-PCR was carried out using SYBR Green (Solarbio) on a Real-time PCR system (ABI, Foster City, CA, USA). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and U6 were used as internal controls. All primers were listed as below: lnc-NEAT1: F, 5ʹ-CTTCCTCCCTTTAACTTATCCATTCAC-3ʹ, R, 5ʹ-CTCTTCCTCCACCATTACCAACAATAC-3ʹ; CPSF4: F, 5ʹ-CTTCCTGCACATCGACCC-3ʹ, R, 5ʹ-AGATGACTCTCCGCGTGTG-3ʹ; GAPDH: F, 5ʹ-GGTGGTCTCCTCTGACTTCAA-3ʹ, R, 5ʹ-GTTGCTGTAGCCAAATTCGTTGT-3ʹ; miR-150-5p: 5ʹ-TCGGCGTCTCCCAACCCTTGTAC-3ʹ, R, 5ʹ-GTCGTATCCAGTGCAGGGTCCGAGGT-3ʹ; U6: F, 5ʹ-TGCGGGTGCTCGCTTCGGCAGC-3ʹ, R, 5ʹ-GGGTCCGAGGTGCACTGGATACGACAAAATATGG-3ʹ. Relative expression values were calculated using the 2^−∆∆Ct^ method.

Cell Transfection {#S0002-S2004}
-----------------

Small interference RNA targeting lnc-NEAT1 and CPSF4 (si-lnc-NEAT1 and si-CPSF4) or their negative control (si-NC), miR-150-5p mimics and inhibitors (anti-miR-150-5p) or their negative controls (miR-NC and anti-miR-NC), lentivirus-mediated short hairpin RNA targeting lnc-NEAT1 (sh-lnc-NEAT1) and its negative control (sh-NC) were synthesized by Genechem (Shanghai, China). Lnc-NEAT1 and CPSF4 overexpression plasmids or their negative control (pcDNA) were obtained from GeneCreate (Wuhan, China). SW480 and HCT116 cells transfection were executed using Lipofectamine 3000 (Invitrogen). Non-transfected cells were recorded as Control.

Cell Viability Assay {#S0002-S2005}
--------------------

This experiment was performed using 3-(4, 5-dimethyl-2 thiazolyl)-2, 5-diphenyl-2-H-tetrazolium bromide (MTT) Kit (Beyotime, Shanghai, China). After transfection, SW480 and HCT116 cells were treated with 5-fluorouracil (5-Fu) at different concentrations for 48 h. Then, MTT solution was added for further incubation for 4 h, followed by dimethylsulfoxide (DMSO) for dissolution. The absorbance was measured at 560 nm and half-maximal inhibitory concentration (IC~50~) was calculated to evaluate the 5-Fu sensitivity of cells.

Flow Cytometry {#S0002-S2006}
--------------

After transfection, SW480 and HCT116 cells were digested with trypsin and collected into the centrifuge tube. After centrifugation, cells were re-suspended with binding buffer and stained using Annexin V-FITC/PI Apoptosis Detection Kit (Yeasen, Shanghai, China). FITC fluorescence was monitored by Flow cytometer (Beckman Coulter, San Jose, CA, USA) and the apoptosis rate was calculated.

Cell Invasion Assay {#S0002-S2007}
-------------------

Cell invasion was performed using Transwell chambers (Corning Inc., Corning, NY, USA). SW480 and HCT116 cells were seeded into the upper chambers coated with Matrigel (BD Biosciences, San Jose, CA, USA) and contained the serum-free medium. The lower chambers were added with RPMI-1640 medium containing 10% FBS. After 48 h, the lower chambers cells were fixed with methanol, stained with crystal violet, and then counted the number of invaded cells under a microscope (Shoif, Shanghai, China).

Western Blot (WB) Analysis {#S0002-S2008}
--------------------------

Total proteins were extracted using RIPA buffer (Beyotime). Equal amounts of proteins were isolated with 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel and transferred onto polyvinylidene fluoride (PVDF) membranes (Millipore, Billerica, MA, USA). Afterward, the membranes were closed with 5% non-fat milk and cultured with the primary antibodies against P-gp (1:500, Abcam, Cambridge, MA, USA), GST-π (1:1000, Abcam), CPSF4 (1:300, Bioss, Beijing, China) or GAPDH (1:300, Bioss) at 4°C overnight. After incubated with the secondary antibody (1:1000, Bioss) for 1 h, the protein signals were visualized using the ECL system (Beyotime).

Dual-Luciferase Reporter Assay {#S0002-S2009}
------------------------------

The sequences of lnc-NEAT1 or CPSF4 3ʹUTR containing the miR-150-5p binding sites or mutant binding sites were inserted into the pmirGLO reporter vector (Youbio, Changsha, China) to generate wild-type (lnc-NEAT1-WT and CPSF4 3ʹUTR-WT) or mutant-type (lnc-NEAT1-MUT and CPSF4 3ʹUTR-MUT) reporter vectors. SW480 and HCT116 cells were seeded into 24-well plates. After 24 h, the above report vectors were co-transfected with miR-150-5p mimics or miR-NC into SW480 and HCT116 cells. After transfection 48 h, the luciferase activities were tested using the Dual-luciferase Reporter Assay Kit (Genomeditech, Shanghai, China).

Mice Xenograft Models {#S0002-S2010}
---------------------

One-month-old male BALB/c-nude mice (Laboratory animal center of southern medical university, Guangzhou, China) were used in this study. All experiments were authorized by the Animal Care Committee of Central Hospital of Cangzhou. Mice were subcutaneously injected with HCT116 cells transfected with sh-lnc-NEAT1 or sh-NC. After 7 d, 5-Fu (50 mg/kg) or PBS was intraperitoneally injected into mice every 4 d, and the tumor volume was calculated using the formula: volume = length × width^2^/2. After 27 d, the tumor was removed for weight measurement and further experiments. Animal studies were performed in compliance with the ARRIVE guidelines and the Basel Declaration. All animals received humane care according to the National Institutes of Health (USA) guidelines.

Statistical Analysis {#S0002-S2011}
--------------------

Data were shown as mean ± standard deviation (SD). SPSS 22.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. One-way ANOVA, two-way ANOVA and Student's *t*-test were used to compare the difference of groups. Three independent experiments were carried out for each assay. The correlation between lnc-NEAT1 and miR-150-5p or CPSF4 was analyzed using Pearson correlation analysis. *P* \< 0.05 was considered to be significant.

Results {#S0003}
=======

Lnc-NEAT1 Was Upregulated and MiR-150-5p Was Downregulated in CRC Tissues and Cells {#S0003-S2001}
-----------------------------------------------------------------------------------

To begin with, we detected the expression of lnc-NEAT1 in CRC, and the results showed that lnc-NEAT1 was significantly highly expressed in CRC tissues compared with adjacent normal tissues ([Figure 1A](#F0001){ref-type="fig"}). Besides, the expression of lnc-NEAT1 was markedly increased in two CRC cell lines (SW480 and HCT116) compared with NCM460 ([Figure 1B](#F0001){ref-type="fig"}). Meanwhile, we also found that miR-150-5p was obviously lower expressed in CRC tissues and cells ([Figure 1C](#F0001){ref-type="fig"} and [D](#F0001){ref-type="fig"}). Interestingly, correlation analysis revealed that the expression of lnc-NEAT1 was negatively correlated with miR-150-5p ([Figure 1E](#F0001){ref-type="fig"}). Given the opposite expression trend between this, we speculated that there might be an association between lnc-NEAT1 and miR-150-5p.Figure 1The expression levels of lnc-NEAT1 and miR-150-5p in tissues and cells. (**A**) The expression of lnc-NEAT1 in CRC tissues (CRC) and adjacent normal tissues (Normal) was measured by qRT-PCR. (**B**) Lnc-NEAT1 expression in CRC cell lines (SW480 and HCT116) and NCM460 cells was detected by qRT-PCR. (**C**) QRT-PCR was used to assess the expression of miR-150-5p in CRC and Normal. (**D**) The expression of miR-150-5p in SW480, HCT116 and NCM460 cells was tested by qRT-PCR. (**E**) The correlation analysis between lnc-NEAT1 and miR-150-5p expression was determined by Pearson correlation analysis. (**A** and **C**) Student's *t*-test; (**B** and **D**) one-way ANOVA. \**P* \< 0.05.

Knockdown of Lnc-NEAT1 Increased the CRC Cell Sensitivity to 5-Fu, Promoted Apoptosis and Inhibited Invasion in CRC Cells {#S0003-S2002}
-------------------------------------------------------------------------------------------------------------------------

To further explore the effect of lnc-NEAT1 on CRC, we transfected si-NC and si-lnc-NEAT1 into SW480 and HCT116 cells. The efficiency test results showed that si-lnc-NEAT1 had a good inhibitory effect on lnc-NEAT1 expression, which could be used for follow-up experiments ([Figure 2A](#F0002){ref-type="fig"}). Through detecting cell sensitivity, we found that the IC~50~ value of 5-Fu was significantly decreased after lnc-NEAT1 silencing, indicating that 5-Fu sensitivity of SW480 and HCT116 cells was markedly increased ([Figure 2B](#F0002){ref-type="fig"} and [C](#F0002){ref-type="fig"}). Flow cytometry results showed that lnc-NEAT1 knockdown promoted the apoptosis of SW480 and HCT116 cells ([Figure 2D](#F0002){ref-type="fig"}). Besides, we measured the invasion of CRC cells by transwell assay, as shown in [Figure 2E](#F0002){ref-type="fig"}, silenced-lnc-NEAT1 significantly blocked the number of invaded SW480 and HCT116 cells. Also, WB analysis results revealed that lnc-NEAT1 silencing markedly suppressed the protein levels of resistance-related proteins P-gp and GST-π in SW480 and HCT116 cells ([Figure 2F](#F0002){ref-type="fig"}). These results suggested that lnc-NEAT1 played an active role in the progression of CRC cells.Figure 2Effects of lnc-NEAT1 knockdown on CRC cell progression. SW480 and HCT116 cells were transfected with si-lnc-NEAT1 or si-NC. (**A**) The expression of lnc-NEAT1 was determined by qRT-PCR to evaluate transfection efficiency. (**B** and **C**) The IC~50~ values of SW480 and HCT116 cells were assessed by MTT assay. (**D**) Flow cytometry was used to measure the apoptosis rates of SW480 and HCT116 cells. (**E**) Transwell assay was performed to test the number of invaded SW480 and HCT116 cells. (**F**) The proteins levels of P-gp and GST-π in SW480 and HCT116 cells were detected by WB analysis. One-way ANOVA. \**P* \< 0.05.

MiR-150-5p Could Be Sponged by Lnc-NEAT1 and Its Inhibitors Could Invert the Effects of Lnc-NEAT1 Knockdown on CRC Cell Progression {#S0003-S2003}
-----------------------------------------------------------------------------------------------------------------------------------

To confirm the relationship between lnc-NEAT1 and miR-150-5p, we performed the bioinformatics predictions. Surprisingly, the StarBase2.0 tool predicted that miR-150-5p had complementary binding sites with lnc-NEAT1 ([Figure 3A](#F0003){ref-type="fig"}). Besides, dual-luciferase reporter assay results revealed that overexpression of miR-150-5p markedly reduced the luciferase activity of lnc-NEAT1-WT in SW480 and HCT116 cells, but did not affect lnc-NEAT1-MUT ([Figure 3B](#F0003){ref-type="fig"}). Meanwhile, we also detected the effect of lnc-NEAT1 expression on miR-150-5p expression. The increased expression of lnc-NEAT1 indicated that the transfection efficiency of lnc-NEAT1 overexpression plasmid was excellent in SW480 and HCT116 cells ([Figure 3C](#F0003){ref-type="fig"}). As shown in [Figure 3D](#F0003){ref-type="fig"}, knockdown of lnc-NEAT1 upregulated the expression of miR-150-5p, while overexpressed lnc-NEAT1 inhibited miR-150-5p level. In addition, we co-transfected si-lnc-NEAT1 and anti-miR-150-5p into SW480 and HCT116 cells to investigate the role of miR-150-5p on CRC cell progression. The decreased expression of miR-150-5p in SW480 and HCT116 cells revealed that the transfection efficiency of anti-miR-150-5p was good ([Figure 3E](#F0003){ref-type="fig"}). The statistical results of IC~50~ values showed that inhibition of miR-150-5p partially recovered the promoting effect of lnc-NEAT1 knockdown on the 5-Fu sensitivity of SW480 and HCT116 cells ([Figure 3F](#F0003){ref-type="fig"}). Furthermore, flow cytometry and transwell assays results indicated that the promotion effect of silenced-lnc-NEAT1 on apoptosis and suppression effect of it on invasion could be inverted by miR-150-5p inhibitors ([Figure 3G](#F0003){ref-type="fig"} and [H](#F0003){ref-type="fig"}). Meanwhile, the increased expression of P-gp and GST-π after miR-150-5p knockdown also confirmed the recovery effect of miR-150-3p on the sensitivity of CRC cells to 5-Fu ([Figure 3I](#F0003){ref-type="fig"} and [J](#F0003){ref-type="fig"}). These results suggested that miR-150-5p played a vital role in the regulation of lnc-NEAT1 on CRC progression.Figure 3Lnc-NEAT1 could sponge miR-150-5p. (**A**) The binding sites and mutant binding sites between lnc-NEAT1 and miR-150-5p were shown. (**B**) Dual-luciferase reporter assay was used to detect the luciferase activity of lnc-NEAT1-WT/MUT in SW480 and HCT116 cells. (**C**) The expression of lnc-NEAT1 was determined by qRT-PCR to evaluate the transfection efficiency of lnc-NEAT1 overexpression plasmid in SW480 and HCT116 cells. (**D**) The expression of miR-150-5p was measured by qRT-PCR to assess the effect of lnc-NEAT1 expression on miR-150-5p expression. (**E**) QRT-PCR was used to test the expression of miR-150-5p to evaluate the transfection efficiency of anti-miR-150-5p in SW480 and HCT116 cells. SW480 and HCT116 cells were co-transfected with si-lnc-NEAT1 and anti-miR-150-5p. (**F**) The IC~50~ values of SW480 and HCT116 cells were measured by MTT assay. (**G**) The apoptosis rates of SW480 and HCT116 cells were determined by flow cytometry. (**H**) Transwell assay was used to detect the number of invaded SW480 and HCT116 cells. (**I** and **J**) WB analysis was used to test the protein levels of P-gp and GST-π in SW480 and HCT116 cells. (**B, C** and **E**) one-way ANOVA; (**D** and **F**--**G**) two-way ANOVA.\**P* \< 0.05.

MiR-150-5p Directly Targeted CPSF4 {#S0003-S2004}
----------------------------------

Meanwhile, TargetScan Human 7.2 prediction analysis showed that CPSF4 3ʹUTR had complementary sites with miR-150-5p ([Figure 4A](#F0004){ref-type="fig"}). Dual-luciferase reporter assay verification showed that miR-150-5p mimics remarkably suppressed the luciferase activity of CPSF4 3ʹUTR-WT in SW480 and HCT116 cells, while had no effect on CPSF4 3ʹUTR-MUT ([Figure 4B](#F0004){ref-type="fig"}). Through detecting the expression of CPSF4, we found that the mRNA and protein expression levels of CPSF4 were remarkably elevated in CRC tissues ([Figure 4C](#F0004){ref-type="fig"} and D). Besides, correlation analysis indicated that CPSF4 expression was positively correlated with lnc-NEAT1 ([Figure 4E](#F0004){ref-type="fig"}). We also measured the expression of CPSF4 in CRC cells and NCM460 cells and discovered that CPSF4 mRNA and protein expression levels were increased in CRC cells ([Figure 4F](#F0004){ref-type="fig"} and [G](#F0004){ref-type="fig"}). Furthermore, we detected the effect of miR-150-5p expression on CPSF4 expression. The increased level of miR-150-5p in SW480 and HCT116 cells indicated that the transfection efficiency of miR-150-5p mimics was excellent ([Figure 4H](#F0004){ref-type="fig"}). WB results showed that CPSF4 protein level was promoted by miR-150-5p inhibition, while suppressed by miR-150-5p overexpression in SW480 and HCT116 cells ([Figure 4I](#F0004){ref-type="fig"} and [J](#F0004){ref-type="fig"}). Hence, all data revealed that CPSF4 was a target of miR-150-5p.Figure 4MiR-150-5p could directly target CPSF4. (**A**) CPSF4 3ʹUTR containing the miR-150-5p binding sites and mutant binding sites were shown. (**B**) Dual-luciferase reporter assay was performed to detect the luciferase activity of CPSF4 3ʹUTR-WT/MUT in SW480 and HCT116 cells. (**C** and **D**) The mRNA and protein expression levels of CPSF4 in CRC tissues (CRC) and adjacent normal tissues (Normal) were measured by qRT-PCR and WB analysis. (**E**) The correlation analysis between lnc-NEAT1 and CPSF4 expression was assessed by Pearson correlation analysis. (**F** and **G**) QRT-PCR and WB analysis were used to determine the mRNA and protein expression levels of CPSF4 in NCM460 and CRC cell lines (SW480 and HCT116). (**H**) The expression of miR-150-5p was determined by qRT-PCR to evaluate the transfection efficiency of miR-150-5p mimics in SW480 and HCT116 cells. SW480 and HCT116 cells were transfected with anti-miR-150-5p or miR-150-5p mimics. (**I** and **J**) The protein level of CPSF4 was evaluated by WB analysis in SW480 and HCT116 cells. (**B** and **F**--**H**) One-way ANOVA; (**C** and **D**) Student's *t*-test; (**I** and **J**) two-way ANOVA. \**P* \< 0.05.

CPSF4 Overexpression Reversed the Effects of Silenced-Lnc-NEAT1 on 5-Fu Sensitivity, Apoptosis and Invasion in CRC Cells {#S0003-S2005}
------------------------------------------------------------------------------------------------------------------------

To further confirm the role of CPSF4 in the regulation of lnc-NEAT1 on CRC progression, we co-transfected si-lnc-NEAT1 and CPSF4 overexpression plasmid into SW480 and HCT116 cells. The mRNA and protein levels of CPSF4 in SW480 and HCT116 cells were increased by CPSF4 overexpression plasmid, suggesting that its transfection efficiency was excellent ([Figure 5A](#F0005){ref-type="fig"} and [B](#F0005){ref-type="fig"}). The detection of IC~50~ values in SW480 and HCT116 cells revealed that overexpressed-CPSF4 could reverse the promoting effect of lnc-NEAT1 knockdown on the sensitivity of CRC cells to 5-Fu ([Figure 5C](#F0005){ref-type="fig"}). Besides, flow cytometry and transwell assays results indicated that CPSF4 overexpression restored the promotion effect of lnc-NEAT1 silencing on apoptosis, as well as the suppression effect of it on invasion in SW480 and HCT116 cells ([Figure 5D](#F0005){ref-type="fig"} and [E](#F0005){ref-type="fig"}). Further, the inhibition effect of silenced-lnc-NEAT1 on the protein levels of P-gp and GST-π in SW480 and HCT116 cells also could be inverted by CPSF4 overexpression ([Figure 5F](#F0005){ref-type="fig"} and [G](#F0005){ref-type="fig"}). These results showed that CPSF4 participated in the regulation of lnc-NEAT on CRC progression.Figure 5Effects of CPSF4 overexpression on CRC cell progression. (**A** and **B**) The mRNA and protein expression levels of CPSF4 were determined by qRT-PCR and WB analysis to evaluate the transfection efficiency of CPSF4 overexpression plasmid in SW480 and HCT116. SW480 and HCT116 cells were co-transfected with si-lnc-NEAT1 and CPSF4 overexpression plasmid. (**C**) The IC~50~ values of SW480 and HCT116 cells were detected by MTT assay. (**D**) The apoptosis rates of SW480 and HCT116 cells were measured by flow cytometry. (**E**) Transwell assay was employed to assess the number of invaded SW480 and HCT116 cells. (**F** and **G**) The proteins levels of P-gp and GST-π in SW480 and HCT116 cells were determined by WB analysis. (**A** and **B**) One-way ANOVA; (**C**--**G**) two-way ANOVA.\**P* \< 0.05.

CPSF4 Expression Was Regulated by MiR-150-5p and Lnc-NEAT1 {#S0003-S2006}
----------------------------------------------------------

To verify the regulation of lnc-NEAT1 on CPSF4, we co-transfected miR-150-5p mimics and lnc-NEAT1 overexpression plasmid into SW480 and HCT116 cells. Through detecting the CPSF4 protein level in SW480 and HCT116 cells, we found that the suppression effect of miR-150-5p overexpression on CPSF4 expression could be reversed by lnc-NEAT1 overexpression ([Figure 6A](#F0006){ref-type="fig"} and [B](#F0006){ref-type="fig"}). These results confirmed that CPSF4 was indeed the downstream target gene of the lnc-NEAT1/miR-150-5p axis.Figure 6Effects of lnc-NEAT1 and miR-150-5p expression on CPSF4 expression. SW480 and HCT116 cells were co-transfected with miR-150-5p mimics and lnc-NEAT1 overexpression plasmid. (**A** and **B**) The protein level of CPSF4 was detected by WB analysis in SW480 and HCT116 cells. Two-way ANOVA. \**P* \< 0.05.

Interference of Lnc-NEAT1 Inhibited CRC Tumor Growth in vivo {#S0003-S2007}
------------------------------------------------------------

To further explore the effect of lnc-NEAT1 on CRC tumor growth, we constructed the mice xenograft model in vivo using HCT116 cells stably transfected with sh-lnc-NEAT1 or sh-NC. It was found that 5-Fu and lnc-NEAT1 knockdown could significantly inhibit the tumor volume of CRC, and the inhibitory effect was more obvious when the two co-existed ([Figure 7A](#F0007){ref-type="fig"}). Also, we measured the tumor weight and found that the tumor weight of the 5-Fu-treated group and sh-lnc-NEAT1 group was significantly reduced, and the tumor weight was lower when the two were treated together ([Figure 7B](#F0007){ref-type="fig"}). According to qRT-PCR analysis, we found that sh-lnc-NEAT1 could inhibit lnc-NEAT1 expression, while the treatment of 5-Fu did not affect the expression of lnc-NEAT1 ([Figure 7C](#F0007){ref-type="fig"}). In addition, we also detected the expression of miR-150-5p and CPSF4 in the tumors. As shown in [Figure 7D](#F0007){ref-type="fig"} and E, we discovered that compared to the negative groups, miR-150-5p expression was markedly enhanced and CPSF4 protein level was obviously restrained in the lnc-NEAT1 knockdown group with or without treatment with 5-Fu. Therefore, we speculated that lnc-NEAT1 silencing could enhance the inhibitory ability of 5-Fu on tumor growth, which might be because lnc-NEAT1 silencing promoted the sensitivity of CRC to 5-Fu.Figure 7Effects of silenced-lnc-NEAT1 on CRC tumor growth in vivo. (**A**) Tumor volume was calculated with length × width^2^/2 method at the indicated time point. (**B**) Tumor weight was measured in mice xenograft models. (**C** and **D**) The expression levels of lnc-NEAT1 and miR-150-5p in the tumors were detected by qRT-PCR. (**E**) WB analysis was used to determine the protein level of CPSF4 in the tumors. Two-way ANOVA. \**P* \< 0.05.

Discussion {#S0004}
==========

At present, many studies have confirmed that lncRNAs are related to the occurrence of CRC through multiple pathways, including regulation of cell metastasis, autophagy and proliferation.[@CIT0023]--[@CIT0025] Studies have shown that lnc-NEAT1 is abnormally expressed in different types of cancer, and its dysregulation may be related to tumorigenesis.[@CIT0026]--[@CIT0028] Herein, we selected lnc-NEAT1 to future study and discovered that lnc-NEAT1 expression was elevated in CRC. Silencing of lnc-NEAT1 enhanced 5-Fu sensitivity, promoted apoptosis and inhibited invasion in CRC cells in vitro, which was consistent with the previous studies in CRC.[@CIT0012],[@CIT0029] Besides, lnc-NEAT1 knockdown also reduced CRC tumor growth and enhanced the sensitivity of CRC to 5-Fu in vivo. The conclusion that the expression of lnc-NEAT1 could affect the sensitivity of CRC to 5-Fu also provided a new solution for the clinical reduction of the drug resistance in CRC. Of course, these results also need to be further studied in the scope of some big data to prove that lnc-NEAT1 expression can be used as an effective biomarker to evaluate the progression of CRC patients in clinical practice.

The role of miRNAs has been well elucidated since their function was discovered. In our study, we here found that miR-150-5p was decreased in CRC tissues and cells, which was consistent with the previous study.[@CIT0016] Besides, miR-150-5p could be absorbed by lnc-NEAT1, and its expression was regulated by lnc-NEAT1. MiR-150-5p is not only involved in the regulation of CRC progression but also has been proved to be related to the poor prognosis of CRC patients.[@CIT0030] Functional experiments confirmed that miR-150-5p inhibitors could reverse the effect of silenced-lnc-NEAT1 on CRC sensitivity, apoptosis and invasion. Meanwhile, further analysis revealed that CPSF4 was a downstream target of miR-150-5p. It had been proved that CPSF4 was overexpressed in many cancers, including CRC.[@CIT0031],[@CIT0032] Our data also showed that CPSF4 expression was markedly increased in CRC tissues and cells. The gain- and loss-of functional tests also confirmed the role of CPSF4, that was, its overexpression could reverse the regulatory effect of lnc-NEAT1 on CRC sensitivity, apoptosis and invasion.

Although the regulatory effect of lncRNAs on the progression of CRC has been confirmed, the molecular mechanism of lncRNAs still needs further study. Our study explored the effect of lnc-NEAT1 on the 5-Fu sensitivity, apoptosis and invasion of CRC and confirmed the positive influence of lnc-NEAT1 on the progression of CRC. However, this study has some limitations. The restoration of the function of miR-150-5p to lnc-NEAT1 is partial, and there may be other miRNAs involved in the regulation of lnc-NEAT1 on CRC progression, which needs further study. In addition, the molecular mechanism by which lnc-NEAT1 reduced 5-Fu sensitivity is still unclear, which can be further discussed the role and mechanism of lnc-NEAT1 on CRC drug-resistant cell lines in the future to enrich the functions of lnc-NEAT1.

In summary, our results showed that lnc-NEAT1 enhanced CPSF4 expression via sponging miR-150-5p to accelerate CRC progression. The revelation of the lnc-NEAT1/miR-150-5p/CPSF4 axis enriched the regulatory network of lnc-NEAT1 and provided a complete basis for lnc-NEAT1 acted as a therapeutic target of CRC.
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